Socio-economic Factors of Soil Pollution  by Várallyai, László et al.
 Procedia Economics and Finance  33 ( 2015 )  573 – 583 
Available online at www.sciencedirect.com
2212-5671 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).












DFURVV(XURSH ,PSDLUPHQWRI WKHHQYLURQPHQW LVDFRPSOH[SURFHVV LWDIIHFWVDOO WKH WKUHHEDVLFFRPSRQHQWVRI WKHELRVSKHUH
VRLOZDWHUDLUDOZD\VDWWKHVDPHWLPHEXWWKHOHYHORIWKHHIIHFWLVGLIIHUHQWIRUHDFKSDUW
6RLOV DUH WKUHDWHQHG E\ WZR EDVLF GDQJHUV WKH YDULRXV VRLO GHJUDGDWLRQ SURFHVVHV ZDWHU DQG ZLQG HURVLRQ DFLGLILFDWLRQ
VDOLQLVDWLRQ SK\VLFDO DQG ELRORJLFDO GHJUDGDWLRQ XQIDYRXUDEOH FKDQJHV LQ WKH KXPXV FRQWHQW DQG D GHFUHDVH LQ WKH EXIIHU
FDSDFLW\ DV ZHOO DV SROOXWLRQ ,QVSLWH RI DOO WKHVH TXDOLW\ IXQFWLRQDOLW\ DQG SURGXFWLYLW\ RI VRLOV FDQ EH SUHVHUYHG DQG
PDLQWDLQHG
2XUDLPLVGHYHORSLQJDVWDWLVWLFDOEDVHGLQIRUPDWLRQV\VWHPIURPWKHGDWDRIWKH+XQJDULDQ6RLO,QIRUPDWLRQ0RQLWRULQJ6\VWHP
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7KH LQIRUPDWLFV  HVSHFLDOO\ DSSOLHG LQIRUPDWLFV  XQGHUJRQH D VLJQLILFDQW GHYHORSPHQW DW WKH HQG RI ;;WK
FHQWXU\7KLVLVDOORZHGDQDO\]LQJRIVRLOSROOXWLRQE\FRPSXWHUFRQWUROOHGV\VWHPV7KHLPSRUWDQFHRIWKLVH[SODLQV
WKHVRLOLVSROOXWHGHVSHFLDOO\E\SHVWLFLGHVZDVWHVQLWURJHQDQGSKRVSKRUXVIHUWLOL]HUZKLFKWKURXJKSODQWVJHWLQWR
RXU IRRGGLUHFWDQG LQGLUHFWZD\5RGULJXHV ,Q WKLVZD\SROOXWHG IRRGVFDQFDXVH LOORXUYLWDOO\ LPSRUWDQW
RUJDQV2QDFFRXQWRIRSHQLQJRIWKHPHQWLRQHGSROOXWLRQZHFDQSURFHVVWKHH[SHULPHQWDOGDWDIDVWDQGH[DFWO\VR




:H VWXGLHG WKH HQYLURQPHQWDO SROOXWDQW DIIHFW RI WKH GLIIHUHQW HOHPHQWV ORDG H[SHULPHQW LQ 1DJ\K|UFV|N











E\ SHVWLFLGHV PLOOLRQ KD E\ QLWUDWHV DQG SKRVSKDWHV DQG PLOOLRQ KD E\ DFLGLILFDWLRQ (($  7KHVH
VRXUFHVFRQFHQWUDWHPDLQO\RQ&HQWUDODQG(DVWHUQ(XURSHDQFRXQWULHV$FFRUGLQJWRWKHPDFLGLILFDWLRQLVWKHPRVW
ZLGHVSUHDG W\SH RI VRLO FRQWDPLQDWLRQ LQ 3RODQG  PLOOLRQ KD LQFOXGLQJ QDWXUDO DFLGLILFDWLRQ $ KLJK
FRQFHQWUDWLRQRIKHDY\PHWDOV LVHVWLPDWHG LQ/LWKXDQLDQHDUO\PLOOLRQKD&RQWDPLQDWLRQE\SHVWLFLGHV LVDOVR





3RLQW VRXUFHV OLNH LQGXVWULDO LQVWDOODWLRQV LQGXVWULDO SODQWV ZKLFK DUH QR ORQJHU LQ RSHUDWLRQ VWRUDJH
LQVWDOODWLRQV LQGXVWULDO DFFLGHQWV LPSURSHU LQGXVWULDO DQGPXQLFLSDOZDVWH GLVSRVDO DQGPLQHV'XH WR WKH ODUJH
YDULHW\RILQIOXHQFLQJDFWLYLWLHVGLIIHUHQWSROOXWDQWVPLJKWFDXVHFRQWDPLQDWLRQLQGLIIHUHQWFRXQWULHVRUUHJLRQV
'LIIXVH VRXUFHV OLNH DJULFXOWXUH DWPRVSKHULF GHSRVLWLRQ DQG FRQVXPHU SURGXFWV7KH SROOXWDQWV FDQ UHDFK WKH
VRLOYLDGU\RUZHWGHSRVLWLRQVXFKDVDWPRVSKHULFGHSRVLWLRQRIDFLGLI\LQJDQGHXWURSK\LQJFRPSRXQGV'UDDLMHUV
HWDOSRWHQWLDOO\KDUPIXOFKHPLFDOVGHSRVLWLRQRIFRQWDPLQDQWVIURPIORZLQJZDWHURUHURGHGVRLOLWVHOIRU
YLD ZDVWH GLVSRVDO 7KH SROOXWDQWV FDQ UHDFK WKH VRLO DOVR YLD WKH GLUHFW DSSOLFDWLRQ RI VXEVWDQFHV VXFK DV SODQW
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,Q FRQVHTXHQFH RI WKH (8 DFFHVVLRQ WKH SDUWLFXODU DQG REMHFWLYH VXUYH\ RI FXUUHQW VRLO FRQGLWLRQ LV D YHU\
LPSRUWDQW TXHVWLRQ ZKLFK FDQ EH WKH EHJLQQLQJ RI WKH LPSOHPHQWDWLRQ RI WKH PRGHUQ DJURHQYLURQPHQWDO
PDQDJHPHQWSURJUDP7KLVVXUYH\LVQRWXVHDEOHLIWKHFKDQJHRIFRQGLWLRQFDQQRWEHLQYHVWLJDWHGFRQWLQXRXVO\LQ
V\VWHPDWLFLQWHUYDO
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7KH6RLO,QIRUPDWLRQDQG0RQLWRULQJ6\VWHP6,0±WKLVZDVWKHILUVWZRUNLQJVXEV\VWHPLVDQLQGHSHQGHQW
SDUW RI WKH LQWHJUDWHG (QYLURQPHQWDO ,QIRUPDWLRQ DQG0RQLWRULQJ 6\VWHP (,06 6RLO ,QIRUPDWLRQ0RQLWRULQJ
3URIHVVLRQDO&RPPLWWHH
7KH 6RLO ,QIRUPDWLRQ0RQLWRULQJ 6\VWHP 6,0 FRYHUV WKH ZKROH FRXQWU\ DQG SURYLGHV RSSRUWXQLW\ WR FUHDWH
VLPLODU LQIRUPDWLRQV\VWHPV IRU WKHQDWXUDO UHVRXUFHVDWPRVSKHUHVXSSO\RIZDWHU IORUDDQGELRORJLFDO UHVRXUFHV
HWF7KHDLPLVWRUHODWHWKHVHGDWDEDVHV
7KH6,0WHUULWRULDOPHDVXULQJJULGFRQVLVWVRIPHDVXULQJSRLQWVVHOHFWHGH[DFWO\GHILQHGE\JHRJUDSKLFDO














 \\[[=    
ZKHUH[\DUHWKHFRRUGLQDWHVRIWKHNQRZQSRLQW[\DUHWKHFRRUGLQDWHVRIWKHXQNQRZQSRLQW























ZKHUH$%6 LV WKH DEVROXWH YDOXH IXQFWLRQ Ä6]´PHDQV WKH HOHPHQW FRQWHQW FDOFXODWHG E\ XV Ä0´PHDQV WKH
PHDVXUHGHOHPHQWFRQWHQW
7KH SURJUDP LQYRNHV WZR ([FHO IXQFWLRQV WR FDOFXODWH WKH FRQILGHQFH LQWHUYDO RQH RI WKHP FDOFXODWHV WKH
VWDQGDUGGHYLDWLRQıDQGWKHRWKHURQHFDOFXODWHVWKHFRQILGHQFHLQWHUYDO
7RFDOFXODWHWKHFRQILGHQFHLQWHUYDOLWFDOFXODWHVWKHVWDQGDUGGHYLDWLRQILUVWı

































(IIHFWLYHO\ JHRVWDWLVWLFDO PRGHOV GLUHFWO\ HVWLPDWH WKH YDULDQFHFRYDULDQFH PDWUL[ *HRVWDWLVWLFDO WHFKQLTXHV
VXFKDV.ULJLQJUHO\XSRQDQHVWLPDWHGYDULDQFHFRYDULDQFHPDWUL[IROORZHGE\(*/6HVWLPDWHGJHQHUDOL]HGOHDVW
VTXDUHV %UXV	GH*UXLMWHU  DQG%/83 EHVW OLQHDU XQELDVHGSUHGLFWLRQ /LX HW DO7KH VLPSOHVW
FDVHDVVXPHVRQHFDQVSHFLI\FRUUHFWO\ WKHYDULDQFHFRYDULDQFHPDWUL[DVD IXQFWLRQRI GLVWDQFHRQO\ 6WHLQHWDO
 7KH PRVW W\SLFDO DSSOLFDWLRQ LQYROYHV WKH VPRRWK LQWHUSRODWLRQ RI D VXUIDFH DW SRLQWV RWKHU WKDQ WKRVH
PHDVXUHG8VXDOO\WKHPHWKRGDVVXPHVHUURUVDUHDWWKHPHDVXUHGSRLQWVEXWPRGLILFDWLRQVDOORZIRUPHDVXUHPHQW
HUURUVDWWKHPHDVXUHGSRLQWV*XQWDND	0\OHU
7KH ILUVW VWHS LQPRVW JHRVWDWLVWLFDOPRGHOV =KRQJ HW DO  LV WR HVWLPDWH WKH YDULDQFHFRYDULDQFHPDWUL[




ZLOO VKRZ VPDOO SDLUZLVH VTXDUHG GLIIHUHQFHV ZKLOH DOPRVW LQGHSHQGHQW HUURUVZLOO VKRZ ODUJHU GLIIHUHQFHV )RU
SRVLWLYHO\ FRUUHODWHG UHVLGXDOV WKH HPSLULFDO YDULRJUDP WHQGV WR VWDUW RII ORZ DW VPDOO GLVWDQFHV DQG ULVH ZLWK
GLVWDQFH XS WR D SRLQW ZKHUH LW OHYHOV RII &DOGHU	 &UHVVLH  )URP WKH YDULRJUDP RQH FDQ HVWLPDWH WKH
SDUDPHWHUVRIILWWHGYDULRJUDPIXQFWLRQV,IWKHSURFHVVLVVWDWLRQDU\HTXLYDOHQFHH[LVWVEHWZHHQWKHILWWHGYDULRJUDP
IXQFWLRQV DQG ILWWHG FRYDULDQFH IXQFWLRQV /HJHQGUH	/HJHQGUH 2QO\ D UHODWLYHO\ VPDOO QXPEHU RI YDOLG














































7KHVH VWHSV KDYH WR EH GRQH ILUVW IRU WKH VDPH SRLQW UHJDUGLQJ WKH RWKHU HOHPHQWV ZKLFK TXDQWLWLHV H[FHHG WKH
GHPRQVWUDWLRQ OLQH $IWHU WKDW WKHVH VWHSV KDYH WR EH GRQH DJDLQ IRU HDFK DYDLODEOH 6,0 GLDJQRVWLF SRLQW
FRQVLGHULQJWKDWWKH\DUHWKHXQNQRZQSRLQWVLQWKHH[SHULPHQW$IWHUWKLVZHZLOOKDYHWKHFRQFHQWUDWLRQYDOXHDQG
LWVUHODWLYHVWDQGDUGGHYLDWLRQIRUHDFKPHDVXUDEOHHOHPHQWDERYHWKHGHPRQVWUDWLRQOLQHIRUHDFKGLDJQRVWLFSRLQW
:HDSSOLHG WZR([FHO IXQFWLRQV WR FDOFXODWH WKH FRQILGHQFH LQWHUYDO RQHRI WKHP (T  FDOFXODWHV WKH VWDQGDUG
GHYLDWLRQıDQGWKHRWKHUFDOFXODWHVWKHFRQILGHQFHLQWHUYDO(T
:H GLVFRYHUHGZKHQ VWXG\LQJ GLIIHUHQW QXPEHUV            DQG  LQ RUGHU RI QHDUHVW
QHLJKERXULQJ GLDJQRVWLF SRLQWV ZLWKLQ WKH DJJUHJDWLRQ WKH PLQLPXPV RI WKH UHODWLYH HUURU YDOXHV DUH GLIIHUHQW

























LQWHUYDO PXVW EH SURYLGHG IRU HDFK HOHPHQ
TXDQWLW\RIWKHFHUWDLQFKHPLFDOHOHPHQWDWWK
:H SURYLGHG DFFHVV WR WKH GDWDEDVH WKU














W FRQWHQW YDOXH VLQFH WKH\ RULHQWDWH WKH XVHUV LQWR
HJLYHQGLDJQRVWLFSRLQWFDQIDOO'XQODS
RXJK LQWHUQHWEDVHG WHFKQRORJ\ :LWK WKH KHOS RI WK























SROOXWLRQ RU DQ\ RWKHU GHJUDGDWLRQ RI WKH HQYLURQPHQW 8QIRUWXQDWHO\ ZH FRXOG QRW ILQG GLUHFW GDWD DERXW VRLO
SURWHFWLRQ VR ZH FRXOG UHYLHZ WKH HQYLURQPHQWDO SURWHFWLRQ H[SHQGLWXUH 6WDWLVWLFV RQ HQYLURQPHQWDO SURWHFWLRQ
H[SHQGLWXUHSUHVHQWGDWDRQWKHHFRQRPLFUHVRXUFHVGHYRWHGE\UHVLGHQWXQLWVWRHQYLURQPHQWDOSURWHFWLRQ7KHGDWD
FRYHUSULYDWHDQGSXEOLFVSHFLDOLVHGSURGXFHUVRI(3VHUYLFHVWKHEXVLQHVVVHFWRUWKHJHQHUDOJRYHUQPHQWVHFWRUDQG
WKH KRXVHKROG VHFWRU 7KH EXVLQHVV VHFWRU LV IXUWKHU EURNHQ GRZQ E\ HFRQRPLF DFWLYLWLHV 7KH GDWD DUH FURVV











2Q WKH )LJ  ZH ZRXOG OLNH WR VKRZ KRZ KDV FKDQJHG WKH SHUFHQWDJH RI *'3 IRU HQYLURQPHQWDO SURWHFWLRQ
H[SHQGLWXUHLQ+XQJDU\EHWZHHQDQG










































E\ SHVWLFLGHV  PLOOLRQ KD E\ QLWUDWHV DQG SKRVSKDWHV DQG PLOOLRQ KD E\ DFLGLILFDWLRQ 7KHVH VRXUFHV
FRQFHQWUDWH PDLQO\ RQ &HQWUDO DQG (DVWHUQ (XURSHDQ FRXQWULHV7KH FDXVHV RI VRLO FRQWDPLQDWLRQ DUH YDULHG
+D]DUGRXV VXEVWDQFHV DUH HPLWWHG DW DOO VWDJHV RI WKH SURGXFW FKDLQ IURP WKH UDZ PDWHULDO DQG WKH SURGXFWLRQ
SURFHVVHV IURP WKH XVH RI SURGXFWV DQG IURP WKH KDQGOLQJ RI SURGXFWV DVZDVWH (PLVVLRQV FDQ DULVH IURPSRLQW
LQGXVWULDODQGGLIIXVHDJULFXOWXUDOVRXUFHV7KHSROOXWDQWVFDQUHDFKWKHVRLOYLDGU\RUZHWGHSRVLWLRQDQGGLUHFW
DSSOLFDWLRQ RI VXEVWDQFHV VXFK DV SODQW SURWHFWLRQ DJHQWV SHVWLFLGHV IHUWLOLVHUV IDUP\DUG PDQXUH PLQHUDO
IHUWLOLVHUV WKH VSUHDGLQJRI VHZDJH VOXGJH DQG FRPSRVW)HUWLOLVHUV DQG VHZDJH VOXGJH FDQ DOVR FRQWDPLQDWH VRLO
ZLWKKHDY\PHWDOV
7KH6RLO ,QIRUPDWLRQ0RQLWRULQJ WHUULWRULDOPHDVXULQJJULGFRQVLVWVRIPHDVXULQJSRLQWV VHOHFWHGH[DFWO\
GHILQHGE\JHRJUDSKLFDOFRRUGLQDWHVXVLQJ*367KHVHSRLQWVDUHUHSUHVHQWDWLYHV'LVWULEXWLRQRIWKHSRLQWVE\VRLO
W\SHV UHSUHVHQWV WKHYDULHW\RI VRLO W\SHVRI WKHFRXQWU\7KHUHZHUHSRLQWVRQDJULFXOWXUDO ODQGSRLQWV LQ
IRUHVWVDQGSRLQWVLQHQYLURQPHQWDOO\WKUHDWHQHGKRWVSRWUHJLRQV:HJHWLQIRUPDWLRQRQO\IURPSRLQWV




WKH HOHPHQW FRQFHQWUDWLRQV LQ DZHOOGHILQHG SUHFLVLRQ7R GHWHUPLQH WKH FRQFHQWUDWLRQ RI WKH HOHPHQWV RQO\ WKH
*36FRRUGLQDWHVRIWKHSODFHDUHQHHGHG
%DVHGRQ WKHDYDLODEOHGDWD WKHGHYHORSHGSURJUDPPDNHV LWSRVVLEOH WRHVWLPDWHHOHPHQWFRQWHQWDW DFHUWDLQ
GLDJQRVWLFSRLQWZLWKVRPHVWDWLVWLFDOHUURUVLWFDQDOVREHDSSOLHGLQDQDO\]LQJHIIHFWVRIHQYLURQPHQWDOSROOXWLRQ
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$IWHUWKHGHYHORSPHQWRIWKHLQIRUPDWLRQV\VWHPZDVUHYLHZHGKRZPXFKLVVSHQWRQHQYLURQPHQWDOSURWHFWLRQ
VRPH(XURSHDQ FRXQWULHV:H FRXOG QRW ILQG GDWD DERXW GLUHFWO\ VRLO SURWHFWLRQ LQ WKH (XURVWDW GDWDEDVH EXWZH
WKRXJKWLWLVSRVVLEOHGHGXFHIRUWKLVEDVHGRQWKHHQYLURQPHQWDOSURWHFWLRQVSHQW
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